INTRODUCTION
Pharmacists working in outpatient settings are in a prime position to improve pediatric vaccination rates by recommending, administering, or educating families and patients about vaccines. Pediatric vaccination rates are less than optimal in the United States (U.S.), many falling short of the goals set forth by Healthy People 2020, which may be contributing to pediatric morbidity and mortality. 1 For the 2018-2019 influenza season, less than half of children indicated for vaccination with the influenza vaccine were vaccinated by December and 101 influenza-associated pediatric deaths have occurred as of April 2019. 2, 3 For the adolescent population, fewer than 50% received the complete series of human papillomavirus (HPV) vaccine in 2017 and this same demographic had the lowest influenza vaccination rate of all pediatric age groups at 47.4% in the 2017-2018 influenza season. 4, 5 As more than 90% of the U.S. population lives within two miles of a community pharmacy, pharmacies present an accessible option to improve pediatric vaccination rates and capacity. 6 Beyond location, community pharmacies offer parents and patients a number of other conveniencerelated benefits, including extended hours of operation, no need for appointments, and locations outside of healthcare facilities. [7] [8] [9] Moreover, these conveniences may be especially helpful for routine adolescent vaccinations that require multiple doses at differing intervals, including the HPV and meningococcal vaccines, or for non-routine pediatric vaccinations that are not typically stocked in physician offices, such as travel vaccines or the pneumococcal polysaccharide vaccine. 10 Though literature regarding the effectiveness of pediatric vaccination interventions by community pharmacists is notably lacking, studies have consistently demonstrated improved adult vaccination rates with community pharmacy involvement. [11] [12] [13] [14] [15] [16] States with pharmacist vaccination authority overall have higher adult influenza vaccination rates than those without. 15 One could expect similar success of improving vaccination rates in the pediatric population with increased authority for pharmacists.
The Pediatric Pharmacy Advocacy Group (PPAG) released a position paper in 2018 outlining recommendations for increased authority, documentation, advocacy, and continuing education (CE) for pharmacist-administered pediatric vaccines. 17 The recommendations focus on pharmacist and student pharmacist ability to administer influenza, pneumococcal, meningococcal, and HPV vaccines to pediatric patients. Despite advocating for pharmacist involvement in administering vaccines to pediatric patients across all practice sites, the position paper did not discuss how best to implement this service and how student pharmacists should be trained to administer pediatric vaccinations within Doctor of Pharmacy (PharmD) curricula. 17 This article will discuss the implementation of the PPAG position paper recommendations, including key barriers in outpatient settings and potential strategies to successfully incorporate the recommendations into practice. Although other barriers may exist, this article will discuss the regulatory, attitudinal, and logistical barriers associated with pharmacist-administered pediatric vaccines in outpatient settings.
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Regulatory barriers
The PPAG position paper summarizes state-based regulations regarding pharmacist authority to administer pediatric vaccines; therefore, these regulations will not be extensively discussed in this piece. 17 In short, the regulations for pharmacist-administered pediatric vaccines vary significantly according to state. Many states have certain age restrictions for pediatric patients, only give authority for certain vaccines (i.e., influenza vaccine), or may only be administered by a pharmacist via prescription. In fact, very few allow pharmacists to administer any vaccine to any pediatric patient via prescriber protocol. 18 Moreover, student pharmacist authority to vaccinate pediatric patients cannot be assumed based on the authority for pharmacists. Since publication of the position paper, however, states continue to propose and pass legislation to expand pharmacist authority to administer pediatric vaccines highlighting the need to educate and train student pharmacists on administering pediatric vaccines. 19, 20 Currently, only three states (Connecticut, Florida, and Vermont) do not allow pharmacists to administer any vaccine to a pediatric patient, suggesting that the vast majority of students will enter into practice with the authority to administer pediatric vaccines. 18 As such, Schools of Pharmacy should prepare their students for this practice because some students may relocate to a state where pharmacists have authority to administer pediatric vaccines or the legislation in that particular state may change, as evidenced by the trend over the past two decades of increased pharmacist authority to administer vaccines. 21 Presently, under the direct supervision of a pharmacist, student pharmacists have varied authority to vaccinate pediatric patients. 18 The American Pharmacist Association Pharmacy-Based Immunization Delivery Program, which the majority of Schools of Pharmacy use to train student pharmacists, focuses on the practical administration of vaccines to adults only. 22 For pediatric vaccines, students in the program are trained only on immunization schedules and vaccine drug information, but do not practice pediatric injection technique. Therefore, student pharmacists may possess low baseline levels of confidence and comfort in administering pediatric vaccines, which was reported in a majority of students surveyed at one School of Pharmacy. 23 To increase confidence and comfort, Schools of Pharmacy should offer opportunities, as state legislation allows, for student pharmacists to train in pediatric vaccine administration. Experiential pharmacy education and service learning present opportunities to incorporate hands-on pediatric vaccine practice. Outside of coursework, states should expand student pharmacist authority to administer pediatric vaccines to gain practice-based experience, as was recently done in the state of Wisconsin.
24
Attitudinal Barriers
Physician and parental attitudes may add an additional barrier for pharmacist-administered pediatric vaccines, regardless of legislative authority. Pediatricians surveyed in one study agreed that community pharmacies offer nontraditional delivery sites that could increase vaccination rates, but they expressed concerns about decreased opportunities for follow-up care and lack of comfort with pharmacists administering vaccines to their patients. 25 Another study reported pediatricians and family medicine physicians' concerns about inaccurate or incomplete vaccination records. 26 Additional evidence suggested that physician buy-in with pharmacist-administered HPV vaccination was higher with family medicine physicians than with pediatricians, suggesting that family medicine clinics may be more conducive to expanded pharmacistadministered pediatric immunizations. 27 Community pharmacists could begin by collaborating with physician offices to offer subsequent doses of a vaccine series (e.g., HPV, meningococcal) to patients who received the first dose at their providers' office. Such collaborations would allow the physicians to keep the adolescent well-child visit while also promoting receptivity among physicians and enabling the follow-up dose(s) to be at the convenience of the patient in a community pharmacy setting. In the ambulatory care setting, post-graduate training or board certification in ambulatory care or pediatrics may improve physician comfort with pharmacist-administered pediatric vaccines. Moreover, the creation of a pediatric immunization delivery program for pharmacists could improve physician receptivity, as well as improve comfort and confidence for pharmacists and student pharmacists alike. Additional evidence on the impact of pharmacist involvement on pediatric health outcomes is likely to further increase physician receptivity of the expansion of pharmacist-administered pediatric vaccinations.
At the parent level, previous studies have reported that fewer than half of parents are willing to bring their child to be vaccinated by a pharmacist, although this percentage may be higher for parents of adolescents, with a large majority of parents in one study endorsing pharmacistadministered HPV vaccination. [27] [28] [29] Parental concerns may reflect a lack of awareness of pharmacist authority to administer vaccines or perceptions that physician offices are safer places for vaccination. 28, 30 Indeed, Shah et al. reported that parents who expressed higher satisfaction with their pharmacies and higher belief in pharmacist competence were significantly more likely to endorse pharmacist-administered HPV vaccines. 27 Although beyond the scope of this article, vaccine hesitancy among parents is another major contributing factor to suboptimal pediatric vaccination rates, in which pharmacists could play a key role in educating and debunking myths associated with vaccines. 31, 32 Evidence suggests that increasing parental familiarity and experience with pharmacist-administered vaccinations through advocacy may effectively improve parental buy-in. 33 
Logistical barriers
Missed opportunities for vaccination are a clinically relevant risk factor for pediatric patients in the U.S. and preliminary studies suggest that pharmacists can reduce missed vaccination opportunities and vaccine errors in the pediatric ambulatory care setting. [34] [35] [36] One study comparing two pediatric clinics in a health-system setting found a significantly reduced number of missed vaccine opportunities and vaccine-related error rates in the clinic with a pharmacist compared to the clinic without a pharmacist. 35 Furthermore, in a study of pharmacist involvement on an adult primary care team, the pharmacist significantly improved immunization rates for influenza and tetanus-diphtheria-acellular pertussis vaccines by performing an immunization needs assessment, informing the patient of their vaccine needs, and administering the vaccine compared to other non-pharmacist clinicians. 11 A major barrier to pharmacist-administered vaccines in an ambulatory care setting is the workflow within clinics, depending on the clinic type. Nurses typically provide vaccines based on physician recommendations in pediatrician offices. Family medicine clinics may or may not have an established immunization workflow. In either clinic setting, pharmacists may not be involved in the immunization practices, if one is present in the clinic at all. As noted previously, pharmacists in family medicine clinics would be an ideal starting place for this kind of service to enhance pediatric care while decreasing appointment burden on other healthcare professionals. Pharmacists interested in expanding their role in pediatric immunizations in the ambulatory care setting should begin the discussion with their practice site's providers on the need for and evidence supporting additional pharmacist involvement. Depending on the clinic workflow and space, pharmacists could offer specific clinic days for annual influenza vaccinations or for recommending and administering back-to-school immunizations. Although this preliminary evidence for pharmacist involvement in clinicbased pediatric immunization services is positive, more rigorous studies may be needed to further expand practice in the U.S.
Another logistical barrier occurs predominantly in the community pharmacy setting. Pediatric patients less than two years of age require specific positioning for injections into the anterolateral thigh muscle. Additionally, pediatric patients may have a fear of injections further necessitating an additional set of hands to safely position the child to receive a vaccine. Community pharmacists are sometimes the sole healthcare professional at a location, limiting the availability of qualified personnel to assist with this positioning during vaccinations. Anecdotally, families note difficulty finding a pharmacist in the community willing to administer a pediatric vaccine to younger patients, which diminishes the convenience factors mentioned previously. For pharmacists already in practice, CE on the proper anchoring technique for administering vaccines to pediatric patients, especially for those less than two years of age, in addition to the education of student pharmacists discussed previously, could reduce the impact of this barrier. Finally, pharmacies should review their current workflow for adult immunizations and consider the necessary changes needed to accommodate pediatric vaccinations, including screenings for weight and vaccine appropriateness or additional documentation to ensure regulatory compliance.
Finally, complete and accurate immunization documentation is a problem that is not limited to pharmacist-administered vaccines. Electronic medical records are rarely available to clinicians outside a particular health-system and immunization information systems (IIS) may be limited by lack of widespread use. 37, 38 Continued advocacy at the state level for pharmacist access to IIS would facilitate pharmacist involvement in administering pediatric vaccines in any outpatient setting. Access to IIS could allow pharmacists to evaluate the vaccine needs of a pediatric patient and the ability to document in IIS would improve vaccine record accuracy and continuity across delivery sites, which may also improve physicians' receptivity.
CONCLUSION
Pharmacists are well positioned to play a key role in tackling the public health concern of low pediatric vaccination rates, as discussed in the 2018 PPAG position paper. The position paper has stimulated conversations surrounding pharmacist-administered pediatric vaccines by outlining recommendations for increased authority, documentation, advocacy, and CE. While there are many barriers to the practical implementation of the PPAG recommendations, outpatient settings are poised to assist in improving pediatric vaccination rates, starting with overcoming the regulatory, attitudinal, and logistical barriers to pharmacist-administered pediatric vaccines. Pharmacists and pharmacy educators should reference the opportunities and strategies in the context of outpatient settings presented here to more effectively incorporate the PPAG recommendations into their practice sites and PharmD curricula.
